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ABSTRACT

Objective To describe cervical cancer mortality rates and their corresponding trends, 
and to analyze the spatial correlations of this type of cancer in Natal-RN, Brazil, between 
2000 and 2012. 
Materials and Methods The simple linear regression model, the empirical Bayes 
method and the Global Moran's index were used for the statistical analysis. 
Results The mortality coefficient of cervical cancer in Natal, standardized by age range, 
was 5.5 per 100 000 women. All historical series for the coefficients studied were clas-
sified as stable. The Global Moran's index obtained was 0.048, with a p-value for the 
spatial test correlation between neighborhoods of 0.300. The average family income 
by neighborhood showed no significant correlation to cervical cancer mortality rates. 
Conclusion This study found a temporal stabilization and spatial independence trend of 
cervical cancer mortality rates in women from Natal, as well as the absence of correlation 
between these rates and the average family income of the of the participating women dis-
tributed by neighborhoods. In view of this, changes in the public policies should be made 
aimed at preventing the disease; adopting these measures could positively impact the 
screening program, improving the coverage of Pap smears and immunization campaigns 
against HPV, in order to reverse this trend and achieve a reduction of mortality rates.

Key Words: Uterine cervical neoplasm; mortality; spatiotemporal analysis (source: 
MeSH, NLM).

RESUMEN

Objetivo Describir las tasas de mortalidad por cáncer de cuello uterino y sus ten-
dencias, así como analizar las correlaciones espaciales de este tipo de cáncer en 
Natal-RN, Brasil, entre 2000 y 2012. 
Materiales y Métodos Para el análisis estadístico se utilizaron el modelo de regresión 
lineal simple, la estimación empírica de Bayes y el índice Moran Global. 
Resultados La tasa de mortalidad por cáncer de cuello uterino en Natal, estandari-
zado por rango de edad, fue 5.5 por cada 100 000 mujeres. Todas las series históricas 
para los coeficientes estudiados se clasificaron como estables. El índice Moran Global 
obtenido fue 0.048, con un valor p de 0.300 para la correlación de prueba espacial 
entre vecindarios. El ingreso familiar promedio por vecindario no mostró correlación 
significativa con las tasas de mortalidad por cáncer de cuello uterino. 
Conclusión En este estudio se observó una tendencia temporal de estabilización e 
independencia espacial de la tasa de mortalidad por cáncer cervical en mujeres de 
Natal, así como la ausencia de correlación entre estas tasas y el ingreso familiar pro-
medio de las mujeres participantes, distribuidas por vecindarios de la ciudad. En vista 
de esto, se sugiere que se adopten cambios en las políticas públicas dirigidas a la 
prevención de la enfermedad que apunten a medidas que puedan tener un impacto 
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positivo en el programa de monitoreo, mejorando la cobertura de la prueba de Papanicolaou, así como de las cam-
pañas de vacunación contra el VPH, con el objetivo de revertir esta tendencia y lograr una reducción en las tasas de 
mortalidad de la enfermedad.

Palabras Clave: Neoplasias del cuello uterino; mortalidad; análisis espaciotemporal (fuente: DeCS, BIREME).

Cervical cancer is a condition that affects women. 
(1) An overall estimate of the incidence of this di-
sease for the year 2012 (2) shows that, during that 

year, nearly 528 000 new cases were reported, of which 
266 000 resulted in death. These figures demonstrate 
that this malignant neoplasm is the fourth most com-
mon type of cancer in women —after breast, colorectal, 
and lung cancers— and that it is the fourth leading cause 
of cancer-related deaths worldwide (1,3). In developing 
countries, this cancer is the second most common type 
of cancer and the third cause of cancer deaths, reaching 
higher incidence and mortality rates in less developed 
countries, particularly, in Sub-Saharan Africa, Melanesia, 
Latin America and the Caribbean (2).
From an epidemiological point of view, cervical cancer 

behaves as a sexually transmitted disease because it has 
the same risk factors. It is more frequently observed in 
black women, women with low level of education, those 
who had early sexual initiation, multiple sexual partners 
and those who live in urban areas of developing countries 
(4). The natural history of cervical cancer clearly shows 
its close relationship to persistent infection by human pa-
pillomavirus (HPV) with high oncogenic potential, since 
viral genome sequences can be found in the tumor cells of 
virtually all cases (5).
Despite its high prevalence, cervical cancer has the 

greatest potential for prevention and cure among all ma-
lignant neoplasms due its infectious nature and slow evo-
lution, as it goes through several stages of precancerous 
lesions (6,7). Consequently, it can be prevented by HPV 
vaccination (8) and by performing a Pap smear to detect 
and treat precursor lesions as early as possible, prior to 
progression to the malignant form (9).
A study conducted in England showed that regular Pap 

smear screening in women from 35 to 64 years reduced 
the incidence of stage I cervical cancer by 67% and stage 
III cervical cancer by 95%, being even more effective for 
preventing death from this type of cancer than as a pre-
ventive measure (10).
The wide variation of the incidence and mortality ra-

tes, when considering different geographic regions in the 
world, reflect economic, social and cultural differences 
(11), as well as the availability and the quality of cytology 
tests. This is also evident in HPV infection incidence rates 
in populations of different regions of the world (12,13).

In Brazil, a historic series covering the period from 1979 
through 2005 showed that mortality rates, standardized by 
age range, reach 5.29/100 000 women, with an increase of 
6.4% over that 26-year period. The distribution of these 
rates exposes differences among the regions of the coun-
try according to a historic series of the period 1980-2009, 
with rate of 10.0/100 000 women in the North region; 5.9 
in Midwest; 5.9 in the Northeast; 4.2 in the South and 3.6 
in the Southeast (14). Some studies present a temporary de-
crease in the trend, standardized by age range in Brazil over 
the past few years. However, this does not occur in the same 
proportion across the country, as there are regional differen-
ces and, sometimes, differences within the same state when 
the capital is compared to the other towns (15-17).
This study aimed to determine the mortality rates 

from cervical cancer, analyze temporal and spatial distri-
bution of average rates by neighborhood between 2000 
and 2012, and analyze the correlation of those rates with 
family income in the neighborhoods of the city of Natal, 
capital of Rio Grande do Norte (RN), Northeast Brazil.

MATERIALS AND METHODS

An observational, retrospective and descriptive study was 
conducted, considering the data pertaining to mortality 
from cervical cancer obtained from the data base of the Sub-
coordenadoria de Vigilancia Epidemiologica (Epidemiologi-
cal Surveillance Subcoordinator Office) of the Secretaria de 
Saude do Estado do Rio Grande do Norte, Brazil (Health 
Department of the State of Rio Grande do Norte) for the 
period 2000-2012. The study sought causes and ICD C53.9 
diagnosis (10th Edition - ICD-10). 
The municipality of Natal is located in the Northeas-

tern region of Brazil; it extends throughout 167 263 km2 
and has 803 739 inhabitants, according to the Brazilian 
National Institute for Statistics and Geography (IBGE) 
(http://www.ibge.gov.br/cidadesat/topwindow.htm). 
The city of Natal has 36 neighborhoods divided into 4 
administrative regions (North, South, East and West) 
(Prefeitura Municipal do Natal. Available in: http://www.
natal.rn.gov.br/semurb/paginas/ctd-102.html). 
Most neighborhoods are located in the northern and 

western regions, where the lowest quality of life indica-
tors can be found, in other words, the population in these 
neighborhoods has lower income averages and education 
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levels, and resides in domiciles with the lowest basic sa-
nitation conditions. The neighborhoods in the eastern and 
southern regions have higher quality of life indicators (18). 
Adjusted mortality rates were calculated based on the 

standard world population to enable comparison with in-
ternational data, which is measured per 100 000 women 
(ASW/100 000 women); these rates were obtained consi-
dering the overall total of deaths. Furthermore, for some 
age ranges, the non-standardized mortality rate was the 
one obtained by dividing the number of deaths by the es-
timated mid-year population and, then, multiplying that 
number by 105. 
The analysis of mortality rate trends was done by appl-

ying the simple linear regression model. In this model, 
the response variable is the mortality rate and the expla-
natory variable is time (measured in years). In order to 
determine the existence of a trend in a series, a statistical 
test was performed considering that the null and alterna-
tive hypotheses are a coefficient for the explanatory varia-
ble, which is either equal to or different from zero. This 
means that the series is considered as stable when the 
null hypothesis is not rejected (p-value higher than 0.05). 
If the null hypothesis is rejected (p-value less than 0.05), 
the series is classified as increasing or decreasing trend 
according to the positive or negative sign of the estimate 
obtained for the coefficient of the explanatory variable. 
A residual analysis was conducted for each adjustment in 

order to evaluate, mainly, the stable variance hypothesis in 
the error distribution of the adjusted models. A Durbin-Wat-
son test was used to confirm the correlation between the 
errors mentioned above, while the Shapiro-Wilk test was 
used to evaluate the normality of such distributions. 

The average household income data for each neighbor-
hood in the city of Natal was obtained from the Demogra-
phic Census conducted in 2010 by the IBGE. Moreover, 
the rough rates for each year in the 2000-2012 interval 
and the averages, in sequence, of those rates were calcu-
lated for the period based on the number of deaths from 
cervical cancer in those neighborhoods. The Empirical 
Bayes estimation was used to soften the aforementioned 
averages and, in order to evaluate spatial correlation be-
tween them, the Global Moran's index was calculated and 
used to verify spatial independence. The linear correla-
tion test was used to evaluate the correlation between the 
softened average rates and the average household income 
per neighborhood. Finally, the spatial distribution and 
Global Moran's index analysis were conducted using the 
Terra View software, version 4.2.2. The R software was 
used for the remaining statistical analysis. 

RESULTS

Between 2000 and 2012, the city of Natal reported 309 
deaths from cervical cancer. The mortality rate for this 
type of cancer, standardized by age, was 5.5 per 100 000 
inhabitants. The coefficients of mortality by age range are 
summarized in Table 1.
The distribution of the number of deaths reported over 
the study period, divided into three periods and from 
the age range point of view, showed that the number of 
deaths was rather similar for the periods 2000-2004 and 
2009-2012, while the period 2005-2008 had fewer cases. 
A similar behavior was also observed in regards to morta-
lity coefficients (Table 2).

Table 1. Distribution of the number and percentage of deaths and mortality  
coefficients for cervical cancer in Natal, from 2000 to 2012

Age range No. Reported deaths
   %

Non-standardized mortality 
coefficient /100 000 women

20 - 39 years 39 12.6 1.1
40 - 49 years 59 19.1 8.6
50 - 59 years 63 20.4 13.8
60 - 69 years 65 21.0 23.1
  ≥ 70 years 83 26.9 32.6

Table 2. Deaths from cervical cancer in Natal: number of deaths per period, age range  
and adjusted mortality rate based on world standard population (ASW∕100 000 women)

   Age range
Period studied

  2000 - 2004 2005 – 2008 2009 - 2012
20 - 39 years   21 18 10
40 - 49 years   20 13 26
50 - 59 years   29 13 21
60 - 69 years   21 16 28

≥ 70 years   27 24 32
Total 118 74 117
ASW   6.4 4.2 5.8
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Analysis of trends in the historical series of the mor-
tality coefficients, standardized and non-standardized, 
was conducted by age range, and is detailed in Table 3. 
All series were classified as stable once the p-values of 
the respective tests of the explanatory variable coeffi-
cients were larger than 0.05. Figure 1 details the beha-
vior of those series over time.
For the distribution of average death rates from cervi-

cal cancer in the neighborhoods of Natal between 2000 
and 2012, the final average obtained was 4.82, with a 
95% confidence interval equal to [3.74–5.90]. As a result, 
the Global Moran's index for those mortality rates was 

-0.048, with a p-value for the corresponding spatial co-
rrelation test of 0.300, which means that there is a spatial 
independence of the deaths from cervical cancer in Natal/
RN. Figure 2 illustrates the distribution of said rates per 
neighborhood. On the other hand, the average house-
hold income distribution over the neighborhoods was R$ 
3,347.35, with an interval equal to [2,476.17–4,218.54] 
and a 95% confidence interval. The p-value obtained was 
p=0.648 for the linear correlation test between the men-
tioned incomes and average death rates from cervical can-
cer, which means that there is no significant linear depen-
dency between these variables.

Figure 1. Mortality rates from cervical cancer in the city of Natal/RN, adjusted based on world standard  
population (ASW) for all women, non-standardized, by age range, from 2000 to 2012

Table 3. Analysis of mortality rate coefficient trends for deaths from cervical cancer
according to age range, and for all standardized coefficients in Natal/RN, from 2000 to 2012

 Age range Projected Model p-value Trend
20 – 39 1.47 – 0.06t 0.387 Stable
40 – 49 8.83 – 0.03t 0.912 Stable
50 – 59 21.45 – 1.03t 0.143 Stable
60 – 69 22.21 + 0.15t 0.882 Stable

≥ 70 32.41 + 0.05t 0.962 Stable
Total 6.51 – 0.14t 0.243 Stable*

* Trends of standardized coefficient series (ASW)

DISCUSSION

The death and incidence rates of cervical cancer are stron-
gly associated with the socioeconomic status of a region, 
as well as with the life conditions of the studied popula-
tion1. It is widely known that, in less developed regions, 
there are difficulties for using data to analyze temporal 
mortality trends for this type of cancer, since confirming 
diagnosis and providing death records is still challenging, 
which may result in underreporting (19). 

In Brazil, the latest data available on mortality due to 
cervical cancer shows that there were 4 430 deaths from 
this type of cancer during 2013. Data also shows that 
five-year survival rates for patients with cervical cancer 
worldwide has improved throughout the years, with 
indexes varying from below 50% to well over 70%. In 
Brazil, from 2005 to 2009, five-year survival was around 
61% of cases (20).
A global coverage study on cervical cancer mortality, 

including countries from five continents and conducted 
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since 1973 until 1997, showed an estimated coefficient 
of 9.0 per 100 000 women, with rates varying from 4.0 
in more developed regions to 11.2 per 100 000 women 
in less developed regions. Distribution across continents 
presented rates varying from 23.1 per 100 000 women in 
Africa, to 15.7 in America —2.3 in North America and 
13.4 in Central and South America—, 8.4 in Asia, 5.0 in 
Europe and 2.0 in Oceania (21).
Another study in 29 countries of the European Union 

(EU), conducted from 2000 to 2004, reported that the 
mortality coefficients for cervical cancer, corrected by age 
range, varied from 1.1 per 100 000 women in Finland to 
11.4 per 100 000 women in Romania (22). 
Another wide coverage study conducted in 2000 and in-

volving 20 Latin American countries, 7 in Central America 
and 4 in the Caribbean, found indexes varying from 4.3 per 
100 000 women estimated in Puerto Rico to 53.5 estima-
ted in Haiti. This study showed mortality coefficients for 
cervical cancer, corrected by age and by region, of 7.6 to 
22.2 per 100 000 women in South America, 12.1 to 26.1 
per 100 000 women in Central America, and 4.3 to 53.5 
in the Caribbean. The same study included Brazil with a 
figure of 11.6 per 100 000 women, which is above the es-
timated coefficients of Argentina, Uruguay and Chile (23). 
The relative lack of success of most Latin American 

countries in reducing cervical cancer incidence and morta-
lity rates contrasts with the significant deceleration of the 
same rates in North America. This is clear evidence that a 
well-organized and well-executed preventive program not 
only has a protective effect but also allows for the early 
detection and treatment of precursor lesions and has the 
potential to significantly impact mortality rates (23). 

According to the World Health Organization (WHO), 
Pap smear coverage of between 80 and 100% of the target 
population combined with a well-organized diagnostic 
network and appropriate treatment of precursor lesions 
can reduce cervical cancer mortality by at least 60%. Thus, 
high mortality coefficients from this type of cancer reflect 
the fragility of screening programs for early diagnosis and 
treatment of lesions before their progression (24).
The Brazilian screening strategy for cervical cancer is 

based mainly on offering the Pap smear to women aged 
25 to 64, considered the most-at-risk population. Recom-
mendations are that women with active sex life, particu-
larly in this age group, should be tested every year or, 
if regular yearly testing yields two consecutive negative 
results, at least once every three years (20). However, the 
few available studies of the national screening program 
show a coverage averaging 70%, which is below WHO re-
commendations (25).
This study analyzed standardized and non-standardized 

mortality coefficients from cervical cancer for women in the 
city of Natal, capital of the Rio Grande do Norte (RN), Nor-
theast Brazil, from different age groups, in the period be-
tween 2000 and 2012, their trends and spatial distribution. 
The cervical cancer mortality coefficient, standardized 

by age, found in this study was below expectations, when 
compared to the world population. It could be considered 
better than that reported in women from less developed 
regions, but a little worse when compared with the wo-
men who live in the most developed regions of the world.
The non-standardized mortality coefficients for wo-

men aged 40-49, 50-59 and 60-69 were below those found 
for the same age groups in women from Recife (another 

Figure 2. Average mortality rates from cervical cancer in the city  
of Natal/RN by neighborhood, from 2000 to 2012
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city of northeastern Brazil) in the period 2000-2004 (26). 
Both studies show an increase of mortality indexes as age 
also increases. This phenomenon can be expected since 
the risk of death is cumulative.
The mortality coefficient from cervical cancer, correc-

ted by age range, found in the present study was of 5.5 
deaths per 100 000 women, mildly above the estimated 
index for Brazil, which was 4.8 per 100 000 women (14). 
The latter studied a historical series for the period 1980-
2010. It is, however, far below the mortality rate described 
in (27) for the Northeast region of Brazil and considers 
only the capital cities, which attained a coefficient of 15.3 
deaths per 100 000 women in the city of Natal during 
the period 1996-2005. The significant difference found in 
these two studies could be explained by the differences in 
time intervals. In another study (28), a decreasing trend 
of the mortality coefficients for cervical cancer in the me-
tropolitan region of Natal was found, while the present 
study found that trends remained stable in Natal throu-
ghout the time frame considered.
The mortality coefficient found in this study is simi-

lar to the one described for the state of Rio Grande do 
Norte from 2006 to 2010, which was of 5.95 per 100 000 
women (28). It is also close, though slightly lower, than 
the coefficient found for women of Recife from 2000 to 
2004: 8.2 per 100 000 women (26). Our results also show 
a coefficient below that reported for the state of Minas 
Gerais —6.8 per 100 000 women from 2004 to 2006 (28). 
On the other hand, the coefficient obtained in the present 
study is higher than that found in another study conduc-
ted in Minas Gerais from 2000 to 2009, which was 2.3 per 
100 000 women (15). 
These results, when compared to temporal trends, di-

ffer from those described in a study that covered all Bra-
zilian states and performed between 1980 and 2009, in 
which a reduction trend of the cancer mortality coefficient 
was detected in RN (14). It also differs when compared to 
the aforementioned study in relation to the results found 
for the Northeast Region, where a trend of increased mor-
tality was observed (14). 
The temporal stability trend for cervical cancer morta-

lity rates standardized by age shown in the present study 
also differs from those found for the entirety of Brazil, or at 
least from the capitals of the Northeast Region in a study 
conducted in the period 1980-2010 (16). Such study found 
a decrease trend of mortality rates as the years passed. The 
present study also differs from the trend observed for Bra-
zil in a study conducted from 1996 to 2010, which reported 
a decreasing trend in cervical cancer mortality rates in the 
country (16), being, however, in agreement with afore-
mentioned study regarding the Northeast Region, where a 

trend towards the stabilization of cervical cancer mortality 
rates from 2006 onwards was found (16).
These results suggest that public policies aimed at im-

proving screening program coverage and immunization 
campaigns against HPV should be adjusted, so that all 
trends can be transformed from stable to decline.
Our results regarding the temporal trends for cervical 

cancer mortality rates still differ from a similar study ca-
rried out between 1980 and 2009 involving women from 
the Minas Gerais State, where a decreasing trend was ob-
served in all age groups (15). 
The present study did not find any correlation between 

spatial distribution and mortality rates from cervical can-
cer. Furthermore, no correlation between those rates and 
family income was observed. However, it is known that 
individuals in more vulnerable socioeconomic conditions 
tend to have a lower degree of knowledge about both the 
screening program and the main risk factor for the disea-
se: genital HPV infection (7) ♠
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